
Universal	  scalar	  fit	  

Martti Raidal  
 

NICPB, Tallinn, Estonia 

20.03.2014 Moriond EW, 2014 1 



Outline 

•  Global fit to all available pre-Moriond 
Brout-Englert-Higgs (BEH) boson data 
from the LHC and Tevatron 

 
 
•  Implications for the SM and beyond 
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The	  most	  striking	  LHC	  discovery	  so	  far	  –	  
“a”	  scalar	  boson	  

•  New	  boson	  discovered	  at	  125-‐126	  GeV	  by	  both	  
ATLAS	  and	  CMS	  experiments	  

•  Probably	  spin	  0	  and	  posiNve	  parity	  	  

•  Does	  an	  EW	  scale	  elementary	  scalar	  exist	  in	  
Nature?	  

•  Study	  its	  couplings	  to	  fermions	  and	  bosons!	  
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All	  LHC	  +	  Tevatron	  data	  -‐	  10σ	  signal	  	  
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Global	  fit	  to	  the	  data	  
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Experiments report the measured rates as   

Allow couplings do deviate from the SM 

10 par. 



The	  universal	  scalar	  fit	  
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Data - NP can just be a small perturbation of SM 



Results	  from	  fits	  
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The	  boson	  mass	  
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Indirect BEH boson mass measurement from 
rates, assuming the SM 



Tests	  of	  couplings	  to	  bosons	  and	  
fermions	  
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New	  physics	  enters	  only	  in	  loops	  
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Extra	  scalar	  doublet	  -‐	  2HDM	  
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BEH	  boson	  invisible	  width	  
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Experimental	  results	  are	  consistent	  
with	  the	  elementary	  SM	  BEH	  boson	  
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The	  SM	  couplings	  in	  the	  full	  validity	  range	  
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The	  SM	  Higgs	  potenNal	  is	  unstable	  
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•  Top Yukawa  
plays the most  
important role in  
scalar potential 
  
•  Lifetime of our  
metastable vac.  
is sufficient  
 

•  Why do not we live in the global minimum? 



	  
The	  LHC	  and	  cosmology	  are	  teaching	  

us	  a	  lesson	  
	  

Do	  we	  take	  the	  message	  seriously?	  	  
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Experimental	  results	  in	  last	  40	  years	  	  

•  SM+νR	  -‐	  elementary	  scalar	  H	  at	  the	  EW	  scale	  
•  InflaNon,	  V¼≈1016	  GeV,	  ϕ	  field	  values	  far	  above	  MP	  
•  Dark	  Maaer	  –	  only	  gravitaNonal	  evidence	  so	  far	  	  
•  Dark	  Energy	  –	  too	  small	  for	  any	  parNcle	  threshold	  

•  No	  clear	  evidence	  for	  new	  physics	  from	  precision	  
data,	  flavour	  physics,	  collider	  physics,	  no	  LFV,	  no	  
EDMs,	  no	  evidence	  for	  higher	  order	  operators	  etc.	  	  

20.03.2014 Moriond EW, 2014 17 



Logical	  possibiliNes	  for	  NP	  
•  NP	  repeats	  some	  of	  the	  features	  of	  the	  SM	  
– Compositeness,	  technicolor	  copy	  QCD	  

•  NP	  follows	  completely	  new	  physical	  principles	  
–  Infinitely	  many	  known/unknown	  possibiliNes	  
– An	  example	  is	  the	  supersymmetry	  

•  The	  SM	  is	  NOT	  the	  low	  energy	  EQFT	  of	  some	  
fundamental	  QFT	  but	  is	  fundamental	  itself	  
– SM+singlets	  (νR,S)	  explain	  all	  exp.	  results	  and	  scales	  	  
– Hierarchy	  problem?	  
– Renormalizability?	  
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Natruralness	  –	  physical	  guiding	  
principle	  

•  Does	  BEH	  scalar	  imply	  the	  hierarchy	  problem?	  

•  QuadraNc	  divergence	  problem	  does	  not	  exist!	  
•  All	  new	  parNcles	  must	  interact	  weakly	  with	  the	  SM	  	  
•  Gravity	  –	  case	  of	  special	  interest!	  
– UV	  theory	  of	  gravity	  is	  not	  known	  –	  examples	  exist	  where	  
UV	  gravity	  becomes	  non-‐local	  without	  parNcle	  threshold	  	  

– UV	  theory	  of	  gravity	  is	  NOT	  EQFT	  with	  all	  non-‐ren.	  op.	  
– QCD,	  EW,	  Planck	  scale	  etc.	  do	  NOT	  contribute	  to	  DE	  
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MH2 ∝ M2log(Λ/M)  vs 



What	  replaces	  Wilsonian	  picture	  of	  
renormalizaNon?	  

•  If	  SM+singlets	  is	  the	  final	  theory,	  Wilsonian	  picture	  
of	  suppression	  of	  higher	  order	  operators	  is	  lost	  

•  Classical	  scale	  invariance	  as	  fundamental	  law	  of	  
nature	  may	  explain	  why	  the	  SM	  is	  renormalizable	  

•  All	  scales	  generated	  via	  dimensional	  transmutaNon	  
•  Classical	  scale	  invariance	  does	  not	  solve	  the	  
hierarchy	  problem	  
–  Scales	  may	  be	  generated	  by	  dimensional	  transmutaNon,	  
all	  previous	  arguments	  apply	  
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Conclusions	  
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ParNcle	  physics	  in	  last	  40	  years	  
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Conclusions	  
•  Data	  prefers	  elementary	  BEH	  boson	  

•  All	  known	  exp.	  results	  of	  physics	  beyond	  the	  SM	  
can	  be	  explained	  with	  singlets	  

•  Naturalness	  and	  minimalism	  as	  guiding	  principles	  
suggest	  for	  paradigm	  shij	  in	  parNcle	  physics	  

Is	  the	  SM+singlets	  the	  ulNmate	  QFT?	  
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